Terence Dwyer, Anne-Louise Ponsonby Sudden infant death syndrome (SIDS) was not recognised as an entity until the early 1960s, and an accepted definition did not emerge until 1969. At that time it was anticipated that the condition might contain subgroups. However, investigators have proceeded in the main as if it was a single condition. The original definition, "the sudden death of any infant or young child which is unexpected by history and in which a thorough postmortem examination fails to demonstrate an adequate cause for death",' was revised by the National Institutes of Health, USA, in 1989. The revised definition included only infants dying suddenly under one year of age whose deaths remain unexplained after a complete necropsy examination, including death scene investigation and case history review, had been conducted.2
Thus the current definition of SIDS remains one of exclusion. However, using standard necropsy protocols to define SIDS as a cause of death it is now possible to obtain good agreement between pathologists independently assessing a case.
It might have been expected that following the identification of the syndrome the first epidemiological studies would have been of a descriptive nature, with analytical studies chasing the leads generated by that work and by concurrent laboratory studies. However, since 1969 both descriptive and analytical epidemiological investigations have proceeded in parallel and it is not at all clear that the hypotheses generated in the descriptive studies have been the basis for much of the analytical work. We shall nonetheless discuss some of the major findings from the two areas in turn, recognising that some of these distinctions between study types are somewhat arbitary. of the seasonal trend in SIDS incidence. '3 This report also confirmed the lack of space-time epidemicity in SIDS, which has been shown in several previous studies. ' [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Demographic factors SIDS occurs with a peak incidence of two to four months of age with the rate decreasing thereafter. It has been proposed that this age at death curve reflects a physiological vulnerability at the relevant postnatal development phase of the infant. 6 SIDS has a male case predominance with an odds ratio in the order 1-4, although this is not seen in some non-Caucasian races,'7 18 and it is more common among infants ofhigh birth order. 3 An association between lower socioeconomic status and SIDS has been documented in many studies. The independent contribution of poverty, after adjustment for factors such as maternal age, parity, bottle feeding, and smoking, remains to be fully assessed.'9 Differences in SIDS rate have been observed between ethnic groups. Some of the rate difference between ethnic groups can be explained by differences in socioeconomic status, and in fact the NICHD study showed that the higher SIDS rates for black Americans was entirely explained by this factor.'9 However, the ethnic differences between Caucasians (3 9/1000 live births) and the more socially disadvantaged Pacific Islanders (1 9/1000 live births) and Maoris (6- 9) and low birthweight (< 2500 g) infants (odds ratio= 1 9). After adjustment for gestational age, low weight infants remain at increased risk of SIDS.3 Intrauterine growth retardation has also been found to be associated with SIDS in other studies. The poorer growth appears to be symmetrical in type, that is, SIDS infants have a reduction in length as well as weight.3 19 23 34This type of growth retardation has been suggested to reflect mechanisms which operate in early pregnancy, before peak growth velocity is reached. '9 34 Maternal smoking during pregnancy is an independent risk factor for SIDS, with odds ratios generally reported to be between 1-5 and 5-0. A dose-response relationship for maternal smoking and SIDS risk has been demonstrated.3 3 Ten years ago, Peterson suggested that the link between maternal smoking and intrauterine growth retardation might be involved in the aetiology of SIDS.36 A residual association of maternal smoking with SIDS remains after adjustment for birthweight, suggesting that other pathways such as passive inhalation of smoke postnatally may also be involved.23 36 3 Our understanding of how the risk factor "maternal smoking" may operate has been enhanced by a recent study which showed modification by maternal smoking of the association between maternal anaemia and SIDS. Low packed cell volume was not a risk factor for SIDS among non-smokers but became an important predictor among heavy smokers. This suggests the two factors may interact through the mechanism of chronic fetal hypoxia.38 POSTNATAL 
FACTORS
Throughout much of the last 20 years the dominant hypothesis concerning postnatal influences has been that SIDS infants experience abnormal respiratory development. Central nervous system abnormalities associated with hypoxia-ischaemia and neural maturational delay have been reported in SIDS infants.39 The peak age incidence of SIDS coincides with a period of change in the neural control of cardiorespiratory function and sleep-wake cycles.'9 40 However, prospective studies involving measurements of cardiorespiratory function during early infant life41 have not provided strong evidence that abnormal apnoea is associated with SIDS. The multicentre NICHD study found two to four per cent of SIDS cases had a hospital record of apnoea of prematurity and less than seven per cent had a history of an apparent life threatening event.42 Home monitoring is still recommended in selected circumstances,42 43 but is yet to be assessed by a prospective randomized trial. 2 42 As previously mentioned, the residual effect of maternal smoking, after adjustment for birthweight, may reflect passive smoking by the infant postnatally. Infants of parents who smoke have higher admission rates for lower respiratory tract infection in the first year of life, particularly during winter, 44 and SIDS infants frequently have evidence of respiratory viruses at death.'o Further work is required to determine the magnitude of the independent effect of postnatal passive smoking by the infant on SIDS risk and to establish if this effect is mediated purely through increased respiratory illness.
A significant negative association between breast feeding and SIDS has been found in some casecontrol studies45 46 but not others,47 48 while Kraus et al found the lower frequencies of breast feeding among SIDS cases could be explained, for the most part, by prematurity and maternal education.23 However, the national case-control study in New Zealand found the odds ratio for not breast feeding (2 9) changed little (to 2 5) after adjustment for several potential confounders including socioeconomic status, young maternal age, birthweight, and gestation.35 The NICHD study also found breast feeding to have significant protective effect after adjustment for confounders, including those listed above. '9 While smoking and breast feeding are related to many other disease outcomes in infancy, recent work has identified two risk factors which appear more specific for SIDS-hyperthermia and prone sleeping position. Until 1990, the evidence supporting a role for thermal stress in SIDS was mainly limited to case series reports. These included reporting of overheating among cot death victims,49 post mortem pathological changes consistent with heat stroke for some infants,50 and signs of perspiration. In 1990, Fleming et al published results from a casecontrol study which found SIDS infants were more likely to have been heavily wrapped (odds ratio= 1 14 per tog of thermal insulation above 8 tog of thermal insulation) and to have had heating on all night (odds ratio=2 7) than population based controls.52 Recently, we have found evidence that SIDS infants were more likely to be overwrapped than control infants for a given room temperature.53 These two case-control studies were, in addition, two of many which have found a higher SIDS risk for infants who slept in the prone position.
PRONE SLEEPING POSITION
Froggatt published data in 1970 which showed there was a significant difference in the normal sleeping position of SIDS cases compared to controls.54 Since that time there have been more than 10 case-control studies, all of which have demonstrated a positive association between prone sleeping position and SIDS, with odds ratios ranging from 1 7 to 12, although the association has not always been significant.55 56 Two issues have been raised in relation to these findings. Firstly, recall bias occurring during the interview with bereaved parents may have influenced the results.30 31 The second concern was that potentially important confounding variables need to be considered when examining the link between sleeping position and SIDS57 and this had not always been done.
In 1991, our Centre was able to publish the results from the follow up of the first 3110 infants enrolled in an ongoing prospective cohort study in Tasmania, of whom 20 had died after reaching the home visit age of approximately four postnatal weeks. Complete measurements were available on 15 of these infants. After adjusting for the confounding effects of maternal age and birthweight, the odds ratio for usual prone sleeping position at one month of age and SIDS was 4 .58 A comparison of answers obtained in a concurrent retrospective case-control study showed that there was little recall bias in relation to sleeping position, the implication being that the observations from previous retrospective studies were likely to be valid. Since then, data on the first 21 deaths have confirmed this prospective association between prone sleeping position and SIDS.59 The population attributable risk percentage for the prone position in this updated study sample is 38"t0.59 The New Zealand national case-control study estimate was that the population attributable risk percentage for the prone sleeping position was 52°, 35 The retrospective and prospective data are supported in the published reports by the results of interventions in Holland and South Australia. Future directions Given the consistency of the findings on prone sleeping position, the fact that the hypothesis has survived challenges relating to confounding and measurement bias, and that the first results from interventions, albeit uncontrolled, are positive, the most important next step is to establish the mechanism of prone sleeping in increasing the risk of SIDS and to determine whether effect modification exists. Several possible mechanisms have been proposed, including oropharangeal obstruction, obstructive apnoea secondary to partial nasal obstruction, and interactions between prone sleeping position and the thermal balance or arousal state of the infant.625 The recent findings of Kemp and Thach that "accidental suffocation by rebreathing" was the most likely cause of death in a series of infants found prone on cushions filled with polystyrene beads66 is also important in this regard.
There has been less progress on what factors might be modifying the effect of prone sleeping position, but if we accept a population attributable risk of 0-5 and the fact that sleeping position varies little with season or climate there certainly must be some effect modification to explain seasonal and climatic variation in risk. The next step in epidemiological research must involve research to investigate hypotheses concerning effect modification. For example, is the prone sleeping position a more important risk factor for infants who are heavily wrapped, have an upper respiratory tract infection, or have been placed on soft bedding? The hypothesis that the prone sleeping position and hyperthermia interact64 would explain many of the epidemiological features of SIDS, but two casecontrol studies have found that the prone position and overheating appear to be independent risk factors.52 53 At the end of this process it is still likely that some of the risk will remain unexplained. It is essential that in the investigation of this remaining aetiological fraction emphasis is placed on obtaining better data on factors already identified as strong candidates. The most important task now is to determine the causal significance of factors for which the evidence is already reasonably strong, such as maternal age, maternal smoking, intrauterine growth retardation, bottle feeding, and thermal imbalance. The qualification of the contribution of these factors to individual and population risk will also be important. This is not to say that the identification of new risk factors does not have a place in the future. However, in this particular field of research the emphasis must shift from the testing of novel theories to the rigorous collection and analysis of data directed at providing a greater understanding of how the well identified risk factors operate and interact. epidemiological research. 
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